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An Ovcrvitw of ANN Applications

in tllc 1’OWC1”  ]lMhISt I’~
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.111 l’rt)jmlsi{nl  1 ~ll)olii[ol’~,”  ( ~:lliliulli:( IIls[ilulc  of” ‘J’ccll[lology,”
1’WIIICII:I,  (’A 91109, (ISA

l);lyJtl{lr.hTicl  )~~r Q~)jl)l.ll:ls:l, f[()\’

Cllaptcr 1 Introduction to l{lcctl ic ]’owcr Systems

1.2 l’owcr System l’lanning



spilllli[lg  lL’serve, gcllcrillic)ll  lillli[s :111(1  Ilii[]illlultl  up/d{JwlI lilllc, III gcIIcr;Il, ullil
colnlni[lnclll is s(}lvcd l(M’ ii lilllc II(win)ll  of” 24 I() 168 lIOUIS  ;IIId it Juovidcs  bmic

dul:I  1’(JI d;iily opcr:i[ii)ll  ]Jl:lillli[lg, lIUI[ is, ccolli)ltlic lo:d  dis]);llcll  (1{1  ,1)).  111,1)
dclunllillcs Illc’ (q)[iltl:il  gc’[]cr:l(i(nl  1’01 C:IL’11  g,rllCI(Il(M  ill oldcI  10 llli[lillli~c  llIc IOUII

f’ur]  cosls sul)jccl 10 cqll;lli[y  collslr:lil][s  (MI IKJWCI  II: II: IIKI’ ;IIId ill(:(ju:lli[y cf)lis(r:lillls
01) gctlcr:llioll I-:IIC cll;ll Igcs  [lid lilw  l-lows. ‘1’lic  lil 1) colIItIl:uId  is usu:llly  disp;ttcld
10 c;IclI  ullil every 3105 Ini[ll][cs.  I(:l(il<l:, 1005].”

‘1’lIc In:ij(wily  (d’ ])l:l[lllillg l:isks lmwIIl  lnixc’d-illlcgcr 01)[ifl]i7n[ioIl”  lm)blcIIls
dr:lli[lg wi[ll Ik l[lillillli~:tliol] 01’ (IdlIslcI IOSSCS, cl’f’iciclll ]X)WCI gcilcr:ili(ul aIId
low-u)sl syslclll opcl:lliol].” ‘1’IIc  umlplcxily  01” (Ilcw problclns dl:llll:llic:illy itlcrcdsc’s
will] llIc IIIIIIII)CI-  (fullils dud 10 Il]cir collll]ill;lloli:tl” Im[urc.

Stiltic :111(1 l)~]]i~]]]i~ SCCII~i[~ ASSCSS]]W]]l
II is :111 :Icccp[cd  sI:IIKI:IKI 111:11  a lIlodclII  po\I.cI systcIII  SIIOUILI ]Clnoill wi[llill

s:Ilc opcr;llillg  Ii Illils  l’(w :Illy sitlglc OIII:I::C 01” ;I li[w, :1 II:lllsfollllcl  or :Ulo(llcr

colIIlx)llclI[.  l’olvrr  syslctn  .V/(//ic  .Yc(”[/li/)’  (1.r.$(’.Y.\IIlcllf  i s  (’olIcrrIIld  will] ]x)ssil~lc
Vio]:l[ioll” of” vo](:lg~,  l~lls l)()\\,~~ :IIIcI ]ill~ ]();l~}  tolls(l’;lill(s \\,]li]c (lIL’  SYS(C’111  i s

olK’lil[illg  ill SIC:I(IY  S1;1[(’. ‘1’illw  c(uls[l:li[]ls  1 ( M  ]~lilcdi:~l ac(i(uls  :Irc usmlly  ill  IIIC

(Wdcr ()[’ 1 ()-30 Illillulcs.  ))ylf(ll)lic  ,sf’(”ll/-i/j’  (/.Y.f(’.f.1(/tf’/tf  wuIlyscs  ~x)ssiljlc lILquc[Icy
Viol:l[iolls” :IIId 1(KS  of” vol[lIgc sl:ll)ili[y  ill IIIC tvlsc (11’ [t~ll]sirllt C1’L’IIIS  like uIIl(wcsccII

(nll:Ig,(’s  :111(1  sll(w-circwils, 1 )Cprll[lillg  011 Il]c Il:l[url  (11’ llIc lJIOI)ICIII,  1~’l[lcdi:il ac[i(llls
II:IVC I() Iw I~IkCII  wilt]i]i  I[lilfiscculds  (() Illillu[cs.  AIIIIouglI  cll’ici~llt ]N)WCI  SyS(CIII
silllul;il(ws cxisl,  l’Cill-(illl  C p o w e r  s~S[L’111  SL’CUlil~  NsCSSIIICII( is li[lli(c(l b y  IIIC

cotlll)i]l:lloli:ll” Il:llulc  (Jlils  pl(h]cltls.  l;xll:lmslivc  sii[ll]l:llioll  of” IIlullij)lc  (m[;IL~L’s  :IIId

dyllmuic,  titllr-clc[~cll(lcll[,  sccurily  :Isscsst  IIcIll c: III II(N yc[ h s(Ilvcd  ill rt’;~l-(ilnc.



comp(mc’llt  vault  l)iagnosis
(hlcc [Iw l’; lul[y Collipollcll[”  is dclcI Inillcd  c[jl)l~w)iclll ,/fll[/l (/i(l<qllo.Vi.V  allctI)J)ls

10 idcl)lil’y  llw tiIIIll  lypc.  ‘1’llc  idcltlil”ic;llioll  01” illcipiciil faul[s  ill (xut IjxMIcII[s  dLIC 10

cxlcrII:Il  L’vcl  I(s (I”dli[ig tIccs, allilll:ils)  01 intcrlid  l’:lilurc (t~VLsI  llr:llill~,,  IIl:ltcri:ll

iilli:m)  is iiwlllllllklL’d  :1s 2 ]):IIICI”II  lu’():,[lili()ll  :IIId ~’l:lssil”ic:l[ioll  [;l\k, A4(xlcrII p(wcf

syslcll  I c(llIllIolIclIls  like lr:Illsl(ml)L’ls 01 y,; Is illsul;i[~ll sul)sl;lliolls ;tlc ]I)olli((v(yl  by
sL’IIs(ux  ill (mlcr  [() jmdicl [III(I  pIL’vcIII  dcvclopiil~l  i’:Iulls,  [iIus lil[)itilly  IIIC dalIl:Ip,L$,
Icp:lil ctMs, cmLI:,c  tilnc, :Md d;ilig,cr 10 llw cl)virollt]lcltl,

1.4 ]’ower System Idcnfif’icatioll and Collt ro]

l’owcr  System Coll(rol
AI//~~J/I~I/ic /w\IYz/ ,J\’,\/cI/I CY~II(I-O/ (I)S(:) i s  cyccu(cd  locnlly a( IIIC gLJI~LWIt[M

k’\’L’]  ill (n’dL’l  10 k(k’1)  V;lli;lb]cs like  gcIIL’I;I(OI  Icrlllill:d  vOII:I:,C ii[l(l fIL’qu’IIcy Wi[llil]
S:il”c opcf:lli[lg litllils. (’olllrollcd” pw’:IIIIclcl’s  illcl(Idc I’icld Cxtil:llioll cuIIL’111  atd

tud)inc  \’ill\’C sclli]lgs  \vltiL’11 cf’lcc[ (t]r ])()\\’cl’  olllplll, 1’S(! uses syslc’ in idc])lifi-
cdlio[l, siy,[d  Jwoccssill:,, (iItcrillg alKl l~lcdicli(>lt tccl~l)iqucs.  l)S(’  is cxcculcd w
closed lo(q) coIIII\)l willl(m[ liulIIiltI illlcj-vc’l)lioll willlill  [I lilllc fliullL’ 01” Illilliscc(nlds.

C.’()//(,i)ir’r  .!ll’i/(//i)l~  i s  LX)lIccrIIcd  wilt) (lL’cisiol)s  :l[Id ;Icliolls (() Iw l; IkL$II  ill

O1”(]L’l°  [() hJ’ill&~  []lL’ ])()\\JL’1’  syS[L’111  1“1’0111  :111  S[:ltic:l]ly  0 1  dyll:lllli(’illl~  UIISL’CIII’L:  S[:l[L’

lxIck  (() [I IIorIII:ll s[alc, “1’lIc  lill)c  l’I;lI)Ic  i“or tlIcsc  Iyl)e 01” colIIIL)l  ;Icliolls i s  ill [IIC

or(k’r  oj’ll)illt]lcs,  Ac(iol)s  :11’L! lILTlimIIcd by {I IIUIIEIII (~lxx:~t(w.
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C)ilelatlon:l  FW, r,ling

(16) Alam!  Pmcc,ssirlg  8
Lcmcl  Forccas!irlg  (44) ~tb Faull  Location (1!!)
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20%

Iclcrllihcatior)  ard

Control (42)

19%

Cor!lpcmml  f a[

Lxagllcws  (20)

9“,.

Other  (23)

10%

,11

E_\/’
Stal Ic Security

Llyrtar,tic Secwliy Assessr!!enl  (27)
Assess,rwnl  (33) 1?%

1 5%

l;igIIIC  2 Arlil’]ci:ll  Ncura] Net Al,l)lic~!(iol)s  ill  1’OV.ICI  SysIc  IIIs;  A l<ciictv of 224 l’r(,jccls

A s  itdic:l[cd  ill i’igurc 3, for power syst[  IIIS, IIw II)(M  l’IujHcIItly  a p p l i e d

:wlillci:ll II CLII: II  IWI type is (IIC  jnulti-lilycr pcI{’cp(IL)Il,  NOI{L tlI:II IIIC  p~ICCIIIi  I:, C

displ:lyd by lllc difl’crclll b:irs rL’fLm 10 IIw :IIN)IIIIL’  lIIIIIII)CI  01” projccls sllowll ill
pdrclllllrsis.

All ANN AP[!IIC.lIOIE  (224)

load  f omcwt,hg  (44)

Mer,t,  fkaltor,  & Control (42)

Dyr,a,,,,c  Security Ass (33)

SlatIc  Secwity Ass (27)

outer  (23)

Ccm,F,or,orO1  Fault  [h.gn  (20)

AIB.,,  P[oc=s.ing  k
Faul! Locdlathn  (19)

Operdt,cm  Pkm,ir,g  (16)

0% 20% 40”% 6u0. 80%. 100%.

ANN moclds USCC] in power systems
‘1’lw Inulli-layer  I)LIrCLIIJtriJII  (h41 1’) c(MIIpLI(es  :1 IIoll-lillc;ll  ;Il){]roxitll:llio;l”  (d

[Ilc ul]dcrlyin:  Iumi(ul  spccificd  by llIu Wli[lillg ImltcIIIs  (xl’,  y “ ). ‘1’lw Ml,]’ i s
L1l’gcl

pIob:Il)ly  IIIC l)cst il]\ts(ig;l[cd  ANN IINNIC1,  1[ is lIscd  ill IIC;IIly  c\’cIy :Irc:I of p(nvcr
syslcIIN WIKNC  t;Isk C: III Iw limIlul:Ilcd :Is :111 :ll~l>l{)xilll:l[ioll  pr(JIJIL’111.  1:01 cx:unplc  ill
IIlc il~~il 01” l(MI(I f(mhc:ls[itl:  [IIC hil 1) is IISCd I’01 (IIC prtdicli(nl  (:il)l)l-oxilll:ilioll”  (M
Iloll-lillcnr rcgrcssioll)  {)1’  LIIC lIOLII-ly l(xd ils :1 i’lltl{(ioll of” LIIC k~:d 01” tlIC prcvi(ms 24
lI(NUS. As n cl:lssii’i~’r  (:ij)l~roxilll:l[ioll”  ol” (IIC lI(x)IC:iII I’ullc{ioll  w.culc/ilwcurc)  i( is
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Academic and imlustt-inl participtntim  ancl dCVCl(IpIIWIJt  shtes d’

ANN projwts
As illdic;l[~id ill l;i~urc 4, ()()cfiI  (JI ;Lll ANN proicc(s  arc pLIIsurd in :ic:idclllk

rcsciwch  l;llxmllt~rics  \villl(m( illtluslri;ll ]mlicip;(lioll. ‘1’llis is 1)01 Ilcccssarily  dm to
kirk 0! iltlcrcsl I’J(MI] ijdwslry. 110WCVQJ M)JIW ilpJjlic:l(i(Jll ;mLa\ like l[)id  lorccasling
;Illd fillJ][ oi:lf,lloSiS” IC]y ]lC:l Vi]~ 011  lllL’ilSUl’Cd  Jk’ill-li’olltl lkl(:l USll~lliy  (Mlly il\rilililbk
fJ’0111  :1 JI):IIILI]’:Ic’[  III’CI (M a Hlilily. 111 ol]lcr :IIL’W,  ]ikc sCCllJ”ily  ilSSL!SSIllCll[  OJ”

OJKwl(i(Hl;ll  plwming,  d;ll;l LVll) bc ol)l;iillcd  (hroilgll  silnul:~[ioll illi(l Sl;llddld IIlodcl
dit(ft. Altlt(NJgl) dcsil-; il)lc, Ilw  Coll;ll)olil[ioll  will] illdustri;ll ]XII’(IICJS is tlwlcf’(nc  110(
lll;Uld:ll(lly 1(H’ l’L’ilSil)ilily  studies.

1  .(HKI  I;(m’c;tsliltg {Illd  (~(MllpoltL’111  1::11111  l)iilgllosis  lc’s(illg Cilll  f’ll J’llICJ’ k

c(Mduc[cd  oll’-linc willtollt [ilnc co~l,slr;tinls wd willjoul dircc[ um])lillg  will] power
syslcln d:lla mxluisi(i(~l],  (lJ]craliol/  :IIId colllfol,” Possible  CrJOJX  arc  (l Icrelow  lws

s:di~’11[  aIId  CmI lw cl IcCkcd I)y CxpvI ic’llcc(l  clip,ilk’~’rs will]ol]l  Iil]]u ]IJ’LWUJI’.  II LUIIISC

01”  IIlcsc  collsidcriltious I(d l’im’c;ts(ilt.  g :Illd I:tllll di~lgjlosis  ;uL’ LIw lnost Iwlluw
:Ipplic;l(ioll  illL’ilS.
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[lliyall)d (’( (//.,  1995].

All ANN A[,F,l,c.bol,s  (2?4)

Load For.ca$l,r,g  (44)

ld6.r,MK8bkIrI  & Cc#hl  (42)

[>y,,m,,  c %,,mty  A,,  (33)

sl<, bc %cwlty  As:.  (27)

011 ,.r (2’3)

CorI ,f,or,  w>t  Fa,,l!  [1,,,  g,, (20)

Alanr,  Prucesmg  &

Fault  Lmalathr, (19)

<~c. r.tlc,r,.d  Plmrdl,g (16)

0% 20% 40% Go% 60% 1 [K&

];igurc 4 IIdushiu)  ]’mlici[u(ic)!)  ill  (lILo l)L’vcl(IpiIw III o] ANN Al)[,lic~i(ic)[l$  in I’UWW SyslcII)s.
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All ANN &@lC8h0t,S (’@4)

Load For.ww,g  (44)

Idt!r)wcul,  o,,  & Cor,lr”l  (42)

oi,,~,rrric  SeDJriW  As, (33)

St,,w  Semrlty Ass (27)

0U,er(z3)

Co,, ,por,c,,,t  Fa”ll [l,agr,  (20)

a.”,,  P,UCWW,LJ  &
Fault  Localabo,, (19)

Op.  r.h.md  F’lmr,iI,g  ( 16)

0% %LJ$. 40% m% 80% 1011%.

❑ Oper.  bond

D Fwld  lest

D  Real  bat.

■ Mo&sl [lab
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